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FLEXIBLE TEST CABLE 
FIELD OF THE DISCLOSURE 

[0001] This disclosure relates generally to anechoic electromagnetic field test 
chambers, and more particularly to cables used in such test chambers for testing 
electronic devices. 

BACKGROUND OF THE DISCLOSURE 

[0002] Anechoic chambers are used to test radio-frequency (RF) emissions of 
electronic devices such as radiotelephones, pagers, and cordless telephones. These 
chambers include a shielded enclosure and absorber material, positioners and 
mounts for the device under test (DUT), and cabling. Each of these elements must 
be precision-implemented to produce a high quality anechoic chamber. It is 
desirable that the elements be re-usable and re-configurable to enable testing of a 
range of devices in a variety of environments. Occasionally, a human model 
(sometimes called a "phantom") is added to the environment to approximate the 
effect of a human being on a DUT's RF emissions. 

[0003] Much research and development has occurred in the fields of shielding 
the enclosure, providing high-quality absorber materials, and developing DUT 
positioners and mounts for use in anechoic chambers. Developments in cabling, 
however, have been scarce. Thus, there is an opportunity for cabling that is nearly 
RF invisible (sometimes called "RF transparent") at the RF band of interest. 
Additionally, there is an opportunity for cabling that is flexible and thus usable in 
a variety of test configurations. 

[0004] The various aspects, features and advantages of the disclosure will 
become more fully apparent to those having ordinary skill in the art upon careful 
consideration of the following Drawings and accompanying Detailed Description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


[0005] FIG. 1 shows a flexible test cable according to a preferred embodiment 
in a radio-frequency (RF) testing environment. 

[0006] FIG. 2 shows rigid cable segments of the flexible test cable shown in FIG. 
1 according to a first embodiment. 

[0007] FIG. 3 shows rigid cable segments of the flexible test cable shown in FIG. 
1 according to a second embodiment. 

[0008] FIG. 4 shows a flexible test cable according to the preferred embodiment 
in another radio-frequency (RF) testing environment. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 


[0009] A flexible test cable has a center conductor, a conductive sleeve with an 
effective electrical length equal to an odd quarter wavelength of a frequency of 
interest, a dielectric spacer located inside the conductive sleeve for preventing a 
portion of the center conductor from electrically coupling to the conductive sleeve, 
and a dielectric joint for maintaining a portion of the center conductor in the 
middle of an end of the conductive sleeve. The conductive sleeve can have a 
variety of cross-sectional shapes. The dielectric spacer can be formed in a variety 
of shapes from rigid or compressible dielectric materials. Likewise, the dielectric 
joint can be formed in a variety of shapes from rigid or compressible dielectric 
materials. Using the dielectric joint to link together multiple conductive sleeves 
results in a flexible test cable with electrical transparency at the frequency of 
interest. 

[0010] FIG. 1 shows a flexible test cable 150 according to a preferred 
embodiment in a radio-frequency (RF) testing environment 100. The RF testing 
environment 100 includes a phantom head 110 and a device under test (DUT) 190 
mounted near an ear portion of the phantom head 110. Although not shown, the 
enclosure of the environment is shielded, and pyramidal absorber material is 
placed on all inner surfaces of the enclosure in accordance with general RF testing 
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procedures. The flexible test cable 150 provides power, control, or other test 
signals to the DUT 190 during testing. Because the test cables for this RF testing 
environment 100 must go from a test engineer bench, which is usually outside of 
the anechoic chamber, to the DUT 190, which is generally toward the center of the 
anechoic chamber, there is no place to electrically hide these test cables when 
measuring the RF radiation pattern of an omni-directional antenna. Such omni- 
directional antennas are common for radiotelephones, thus the DUT 190 is shown 
as a radiotelephone. Of course, the flexible test cable 150 can be used for other 
types of DUTs and other types of antennas. 

[0011] The flexible test cable 150 includes at least one rigid cable segment 158. 
The rigid cable segments 158 have an effective electrical length of odd quarter 
wavelengths ( l A X, % X 9 etc.) of the frequency of interest. In order to provide the 
most flexibility, the rigid cable segments 158 shown are l A X; however, other odd 
quarter wavelengths provide similar RF invisibility and may be used as 
appropriate depending on factors such as the desire for cable flexibility, the desire 
for cable strength, the test environment, and the frequency of interest. 
[0012] A final rigid cable segment 159 at the end of the flexible test cable 150 
couples to the DUT 190 chassis at a point of low electromagnetic fields. At the 
other end of the flexible test cable 150, an initial rigid cable segment 157 is coupled 
to a sleeve 156 with an integral right-angle connector. A connector pair 155 
couples the sleeve 156 to another sleeve 154 on a rigid test cable. Another 
connector 152 allows for electrical connection of the flexible test cable 150 to 
another cable, such as another rigid test cable. Different connector configurations 
can be substituted for the ones shown here in order to accommodate other testing 
environments. 

[0013] This flexible test cable 150 addresses a number of issues. First, the 
various connectors 152, 155 and sleeves 154, 156 at the beginning of the flexible test 
cable 150 provide strength and stability to the flexible test cable 150 such that the 
cable 150 can couple to the DUT 190 without overly taxing the DUT mount (not 
shown). Next, the test cable 150 is flexible enough to be applied to a variety of 
DUT types in a variety of testing environments. Previously, different DUTs 
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usually needed different test cables due to the different DUT sizes — even when 
the different DUTs all had the same frequency of interest. Also previously, even 
with the same DUT, sometimes different cables were needed for different testing 
configurations. Finally, the flexible test cable 150 is nearly RF invisible at the 
frequency of interest because the rigid cable segments 158 have an effective 
electrical length of odd quarter wavelengths. Thus, each rigid cable segment 158 
has a high impedance end that provides decoupling of the flexible test cable 150 
from the DUT 190. 

[0014] FIG. 2 shows rigid cable segments 200 of the flexible test cable 180 
shown in FIG. 1 according to a first embodiment. In this first embodiment, a center 
conductor 210 is surrounded by spherical dielectric spacers 230 that provide 
appropriate spacing of the center conductor 210 from an odd quarter wavelength 
choke sleeve 240. 

[0015] The center conductor 210 can be either a single wire or multiple wires, 
depending on the implementation of the flexible test cable 150 shown in FIG. 1. A 
common implementation of the flexible test cable 150 would be for a coaxial cable. 
Alternately, the center conductor 210 may include a braid of wires that enclose 
and shield a single wire or group of wires. The center conductor 210 passes 
through an odd quarter wavelength choke sleeve 240. 

[0016] The sleeve 240 is constructed of a conductive material and has a bushing 
225 on one end to electrically couple the center conductor 210 to the sleeve 240. 
The other end 227 of the sleeve 240 is open. Because the sleeve 240 is an odd 
quarter wavelength, the open end 227 has high impedance, which allows for 
decoupling of the RF signals in the flexible test cable 150 from the DUT 190 shown 
in FIG. 1. In this first embodiment, the sleeve is cylindrical in shape with a circular 
cross-section. Alternate shapes, however, are available such as a sleeve with a 
square cross-section, an oval cross-section, or a hexagonal cross-section. 
[0017] Inside the sleeve 240, one or more dielectric spacers 230 surround a 
length of the center conductor 210. In this first embodiment, the dielectric spacers 
230 are configured as spheres with a diameter smaller than the diameter of the 
sleeve 240, and an air gap 250 results between at least a portion of the dielectric 
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spacers 230 and the inner surface of the sleeve 240. The center conductor 210 
passes through a diameter of each sphere and is protected both electrically and 
physically by the dielectric spacer 230. The dielectric sphere construction allows a 
portion of the center conductor 210 to bend and flex inside the sleeve 240 without 
electrically coupling to the sleeve 240 and without significantly straining the 
conductor 210. Although the dielectric spacers 230 are shown continuously 
enclosing the center conductor 210, such continuous enclosure is not necessary for 
all applications. In other words, there may be gaps between consecutive dielectric 
spacers 230. Alternate configurations for the dielectric spacers 230 include ovoid 
and disk. The dielectric spacers can be constructed from a rigid dielectric material 
or a soft, compressible dielectric material such as open cell foam. 
[0018] A dielectric joint 220 is located near the open end 227 of the sleeve 240 to 
maintain the position of the center conductor 210 in the middle of the open end 
227 of the choke sleeve 240. The dielectric joint 220 shown is spherical in shape, 
which permits a large range of movement of the rigid cable segments 158 relative 
to each other (shown in FIG. 1) without allowing too much strain on the center 
conductor 210. Alternate shapes for the dielectric joints 220 include hemispherical, 
ovoid, and disk shapes constructed from rigid or compressible dielectric materials. 
The dielectric joint on the final rigid cable segment 159 (shown in FIG. 1) can be 
custom-designed to conform to the electrical connection to the DUT 190 (shown in 
FIG. 1). 

[0019] For further strength, a hemispherical dielectric cover 226 is included on 
the bushing 225. Other cover 226 configurations are available, including ovoid and 
square shapes formed from rigid or compressible dielectric materials. Omitting the 
cover 226 is also a possibility with a potential lessening of flexibility or strength 
between rigid cable segments. 

[0020] The combination of spherical dielectric spacers 230 and spherical 
dielectric joints 220 provides flexibility to the entire test cable 150 (shown in FIG. 1) 
as well as strength. Depending on the testing environment, the flexible test cable 
150 (shown in FIG. 1) can be positioned over, around, or under DUT mounts, 
positioners, phantoms, and other elements of the testing environment. 
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Additionally, the flexibility and strength of the test cable 150 allows reuse of the 
test cable for a number of DUTs in a number of testing environments. 
[0021] FIG. 3 shows rigid cable segments 300 of the flexible test cable 180 
shown in FIG. 1 according to a second embodiment. In this second embodiment, a 
center conductor 310 is surrounded by a dielectric spacer 330 fashioned as a solid 
dielectric tube that is located inside an odd quarter wavelength choke sleeve 340. 
In this second embodiment, the sleeve is cylindrical in shape with a circular cross- 
section. Alternate shapes, however, are available such as a sleeve with a square 
cross-section, an oval cross-section, or a hexagonal cross-section. 
[0022] The center conductor 310 can be either a single wire or multiple wires, 
depending on the implementation of the flexible test cable 150 shown in FIG. 1. A 
common implementation of the flexible test cable 150 would be for a coaxial cable. 
Alternately, the center conductor 310 may include a braid of wires that enclose 
and shield a single wire or group of wires. The center conductor 310 passes 
through an odd quarter wavelength choke sleeve 340. 

[0023] The sleeve 340 is constructed of a conductive material and has a bushing 
325 on one end to electrically couple the center conductor 310 to the sleeve 340. 
The other end 327 of the sleeve 340 is open. Because the sleeve 340 is an odd 
quarter wavelength, the open end 327 has high impedance, which allows for 
decoupling of the RF signals in the flexible test cable 150 from the DUT 190 shown 
in FIG. 1. 

[0024] Inside the sleeve 340, one or more dielectric spacers 330 surround a 
length of the center conductor 310. The center conductor 310 is loosely positioned 
along a longitudinal axis of the dielectric spacer 330. In this second embodiment, a 
single dielectric spacer 330 is configured as a solid dielectric tube with an outer 
circumference that contacts the inner surface of the sleeve 340 and an inner 
diameter greater than the diameter of the center conductor 310. Thus, an air gap 
350 results between at least a portion of the dielectric spacer 330 and the center 
conductor 310. The dielectric tube construction with tubular air gap allows a 
portion of the center conductor 310 to bend and flex inside the sleeve 340 without 
electrically coupling to the sleeve 340 and without significantly straining the 
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conductor 310. Although the dielectric spacers 330 are shown continuously 
enclosing the center conductor 310 within a sleeve 340, such continuous enclosure 
is not necessary for all applications. In other words, the dielectric spacer 330 can be 
constructed from one tube having the length of the sleeve 340 or several 
contiguous (but not necessarily touching) tubes. The dielectric spacer 330 can be 
constructed from rigid dielectric material or soft, compressible dielectric material 
such as open cell foam. 

[0025] A dielectric joint 320 is located near the open end 327 of the sleeve 340 to 
maintain the position of the center conductor 310 in the middle of the open end 
327 of the choke sleeve 340. The dielectric joint 320 shown is spherical in shape, 
which permits a large range of movement of the rigid cable segments 158 relative 
to each other (shown in FIG. 1) without allowing too much strain on the center 
conductor 310. Alternate shapes for the dielectric joints 320 include hemispherical, 
ovoid, and disk constructed from rigid or compressible dielectric materials. The 
dielectric joint on the final rigid cable segment 159 (shown in FIG. 1) can be 
custom-designed to conform to the electrical connection to the DUT 190 (shown in 
FIG. 1). 

[0026] Note that there is no dielectric cover on the bushing 325 shown in this 
second embodiment. The result is a risk of increasing strain on the center 
conductor 310. Depending on the application of the flexible test cable, this risk 
may be acceptable. 

[0027] FIG. 4 shows a flexible test cable 450 according to the preferred 
embodiment in another radio-frequency (RF) testing environment 400. This RF 
testing environment 400 includes a phantom head 410 mounted on a support 480 
and a device under test (DUT) 490 mounted near an ear portion of the phantom 
head 410. Because the DUT 490 is mounted on a support 480, a rigid test cable 460 
is used in combination with a flexible test cable 450 to bring power, control, or any 
other test signals to the DUT 490 during testing. Although not shown, the 
enclosure of the environment is shielded, and pyramidal absorber material is 
placed on all inner surfaces of the enclosure in accordance with general RF testing 
procedures. Because the test cables for this RF testing environment 400 must go 
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from a test engineer bench, which is usually outside of the anechoic chamber, to 
the DUT 490, which is generally toward the center of the anechoic chamber, there 
is no place to electrically hide these test cables when measuring the RF radiation 
pattern of an omnidirectional antenna. Such omni-directional antennas are 
common for radiotelephones, thus the DUT 490 is shown as a radiotelephone. Of 
course, the flexible test cable 450 can be used for other types of DUTs and other 
types of antennas. 

[0028] The rigid test cable 460 is an odd quarter wavelength QA X, % X, etc.) of 
the frequency of interest to provide decoupling of the rigid test cable 460 from the 
flexible test cable 450. Thus, the combination of a rigid test cable 460 (which is 
easier and less costly to manufacture) with a flexible test cable 450 provides 
cabling that is nearly invisible at a frequency of interest in a variety of testing 
environments. 

[0029] As different phantoms are developed, as different supports are used, 
and as the DUTs change, the flexible test cable is re-usable for a number of 
different test environments. By combining a flexible test cable with a rigid test 
cable, further testing environments are available at a reasonable cost. 
[0030] Of course, odd quarter wavelengths are longer and shorter for different 
frequencies of interest; however, a single flexible test cable can provide power, 
control, or other test signals in a variety of testing environments at that frequency 
of interest. The various dielectric spacers, air gaps, and dielectric joints allow 
manipulation of the flexible test cable with acceptable strain on the center 
conductor. The conductive sleeves, dielectric spacers, and dielectric joints also 
maintain the electrical choke configuration of the rigid cable segments of the 
flexible test cable during and after manipulation of the flexible test cable. 
[0031] While this disclosure includes what are considered presently to be the 
preferred embodiments and best modes of the invention described in a manner 
that establishes possession thereof by the inventors and that enables those of 
ordinary skill in the art to make and use the invention, it will be understood and 
appreciated that there are many equivalents to the preferred embodiments 
disclosed herein and that modifications and variations may be made without 
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departing from the scope and spirit of the invention, which are to be limited not 
by the preferred embodiments but by the appended claims, including any 
amendments made during the pendency of this application and all equivalents of 
those claims as issued. 

[0032] It is further understood that the use of relational terms such as first and 
second, top and bottom, and the like, if any, are used solely to distinguish one 
from another entity, item, or action without necessarily requiring or implying any 
actual such relationship or order between such entities, items or actions. 
[0033] We claim: 


